Nearshore Processes Research

A Status Report from the Nearshore Processes Workshop,
St. Petersburg, FL, April 24-26, 1989

Executive Summary

0.1 Background

Coastal regions are disproportionately important for com-
merce, recreation and the defense of our country. Yet our
knowledge of the processes that govern the nearshore re-
gion is inadequate to deal with present and future coastal
problems. For example, erosion presently occurs over 70%
of the U.S. coast with rates likely to accelerate owing to the
rise of sea level associated with global warming.

From April 24 - 26th, 1989, a group of 60 scientists spe-
cializing in nearshore processes met in St. Petersburg, Flor-
ida, with the objective of assessing the current state of the
science, determining the methodologies that have been
most successful in the past, and identifying important di-
rections of research emphasis for the future.

0.2 Present level of understanding

As ocean waves propagate into shallow nearshore waters,
they undergo a rich set of nonlinear interactions that spread
energy to both higher and lower frequencies in a way that
depends on the topography of the beach. In addition, these
fluid motions cause transport of the underlying sediment at
the seabed, potentially leading to large changes in that to-
pography. This complex interaction yields the ever-chang-
ing suite of beach morphologies that we are accustomed to.

Our knowledge of this system and ability to predict con-
sequences of such changes as sea level rise are hindered by
our poorly-developed understanding of certain key links in

the chain of nearshore processes. An important function of
the nearshore workshop was identification of those impor-
tant areas for future research.

0.3 Recommendations for future research

It is clear that incident band processes will continue to form
the foundation of nearshore research. However, five areas
were further identified as being particularly important to
the improvement of our understanding. Listed in order of
increasing complexity, the focus areas are:

1. infragravity band dynamics

2. swash dynamics

3. the dynamics of wave breaking

4. bottom boundary layer processes

S. the dynamics of small-scale sediment processes

For the first two topics, studies of infragravity and swash

dynamics, a moderate increase in effort will probably result
in a significant improvement in our level of understanding.

The latter three problems are more difficult and will need to
be attacked in steps over an extended period. In particular,

sediment dynamics is dauntingly complex, but must be ad-
dressed in order for us to develop predictive skills of the

nearshore response to wave forcing.
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1.0 Motivation

The coastal region of the United States is of high economic,
recreational and strategic value. More than 50% of the
American population lives within 50 miles of the coastline,
and many more visit the coast each year. Ports and harbors
are crucial for the export of American agricultural and in-
dustrial products as well as for the import of foreign goods.
In addition to being important, the coastal region is subject
to many natural forces, often resulting in disastrous con-
sequences. Although storms have the most dramatic impact
on coastal property, everyday exposure to waves and cur-
rents can have slow cumulative effects which are equally
important. The majority (70%) of the American coastline is
currently experiencing some degree of erosion.

Current mitigation techniques are crude and costly al-
though often effective, at least in the short term. In many
cases protection consists of armoring the coast, with a sig-
nificant loss of aesthetic, recreational and ecological value.
Moreover, many of these measures will only be temporary,
since the slow rise of sea level will steadily increase the
stress on the protective system.

Despite the importance of the coastal region, we do not yet
have an adequate knowledge base to implement econom-
ically feasible and environmentally acceptable solutions to

this inevitable coastal erosion. In order to maintain and
maximize the value of our coastal resources we must de-
velop an improved understanding of the processes by
which shorelines respond to waves and currents.

2.0 Nearshore Processes Workshop

A workshop to consider the present and future state of near-
shore processes research was held in St. Petersburg, Florida
from April 24th to 26th, 1989. Funding for the workshop
was provided cooperatively by five federal agencies; the
Army Corps of Engineers, the National Science Founda-
tion, Office of Naval Research, Sea Grant, and the U.S.
Geological Survey. Hosting arrangements were kindly
made by the U.S. Geological Survey, St. Petersburg, FL.
The meeting was attended by a diverse group of 60, which
included researchers and managers from both universities
and government laboratories and agencies (Appendix I).

This report summarizes the results of the workshop. Dis-
cussions started with presentations on progress made in
nearshore research during the last twenty years and a sum-
mary of our current knowledge (as detailed in sections 3
and 4 of this report). The focus then shifted to the future
with emphasis on identification of both research directions
with the highest potential scientific and engineering payoff,
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Overview of Nearshore Processes

and the major hurdles that may hinder progress. Five pri-
ority areas were identified for future research (section 5).
Finally, an overview of the meeting is given (section 6).

3.0 Overview of Nearshore Processes

The major goal of nearshore research is to understand the
interaction between waves and currents propagating over
topography which is itself being slowly altered by the fluid
motions,

The energy thatdrives fluid motions in the nearshore comes
primarily from sea and swell waves (typical wave periods
of 3-20 sec) generated by both local and remote winds. As
these incident waves progress into shallow nearshore wa-
ters, energy is nonlinearly transferred to both lower fre-
quency motions (e.g., mean flows and infragravity waves
with periods of minutes) and higher frequency motions
(e.g., harmonics of the incident waves and turbulence) (fig-
ure 1).

The basic physics of this process depends on the incident
waves and the beach topography, and also on whether wave
breaking is occurring. Therefore, nearshore dynamics are
commonly broken into ‘shoaling’ and ‘surf zone’ regimes,
seawards of and within the breaking wave zone, respec-
tively. Many aspects of the evolution of waves propagating
from deep water through the shoaling region can now be
accurately predicted by numerical models with little or no
empiricism. Within the surf zone, breaking incident waves
transfer energy to higher frequency turbulent motions, and
most of the incident wave energy is dissipated. The dy-
namics of wave breaking and dissipation in the surf zone
are poorly understood theoretically, and relevant field mea-
surements are scarce.

One of the obstacles to our understanding of beach behav-
ior has been the vastly different scales of processes that oc-
cur over different beach topographies. On steep beaches,
the breaking region can be narrow to non-existent. Evolu-
tion of the incident spectrum occurs over only a few wave-
lengths and may not be extensive. On very flat beaches,
evolution occurs over many wavelengths. Incident waves
can be strongly dissipated and the dominant energy in the
inner surf zone may result from nonlinear transfer to lower
frequency infragravity waves. It is apparent that compari-
sons of data from different beaches will require a normal-
ization that includes descriptors of the beach profile.

While the wave dynamics strongly depend on the beach to-
pography, the topography is itself a result of the overlying
waves and currents. Over a short period, the bathymetry

may be considered fixed. However, the slow adjustments
due to sediment transport can become significant on a ime
scale of hours to days. Cumulative changes to the beach

profile can be an O(1) effect that must eventually be un-

derstood if we are to have predictive capability for beach

processes.

There are many similarities between nearshore processes
and other areas of oceanography. On the other hand, many
aspects of the nearshore problem are unique. Some of the
interesting physics arises because:

the water depth goes to 0 within the region of interest,

the nearshore acts as a wave guide, similarly to the con-
tinental shelf or the earth’s crust (to acoustic waves).
Wave guide dynamics can be an important element of
the behavior of the system,

nonlinearities can be strong. If a is the wave amplitude,
h the local depth and k the wavenumber, then since a
and k increase as h decreases, normal measures of non-
linearity such as a/h and ak must become large near the
shoreline,

- the physical scaling of the nearshore (for example, the
width of the surf zone) is variable, usually being a func-
tion of the incident wave conditions. This complicates
sampling with fixed instruments,
the bottom boundary is erodible and changes in re-
sponse to the waves themselves.

Fortunately, there are several simplifications relative to
large scale oceanographic flows:

Coriolis force may be neglected due to the relatively
high frequencies of the problem,

the water column is well mixed so that stratification can
be neglected except in a thin layer of sediment suspen-
sion near the bottom.

The following section describes our current understanding
for the dominant processes, including large and sub-grid
scale fluid processes and sediment transport.
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FIGURE 1. Schematic of important nearshore processes showing how the incident wave energy that drives the system evolves as
the waves progress from offshore to the shoreline (top to bottom of the figure). Wave evolution is grouped into processes
occurring seaward of the breakpoint (denoted “shoaling™) and those within the surf zone (denoted “breaking™). In both
cases, energy is spread to lower (left) and higher frequencies (right). The beach topography provides the bottom boundary
condition for flow, so is important to wave processes. In turmn, the waves move sediment, slowly changing the topography.
Wind and tides may be important in some settings, but are not shown here.

Shoreline
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Review of Dominant Processes

4.0 Review of Dominant Processes

4.1 Large scale fluid processes

The discussion will start with incident wave dynamics, the
subject with the longest history, then will proceed to mean
flows, infragravity waves, and finally, far infragravity
waves.

The incident band

Prior to the 1980’s, the bulk of our knowledge of incident
wave dynamics was based on theoretical and laboratory re-
sults. Naturally, emphasis was placed on the idealized sit-
uation of a normally incident, monochromatic wave train
propagating on a uniformly sloping beach. Very careful
laboratory work [e.g., Svendsen and Buhr-Hansen, 1976,
1977, 1978] coupled with a proper treatment of nonlinear
boundary conditions at the wavemaker [Madsen, 1971],
showed that many features of the pre-breaking, idealized,
shoaling wave field are relatively well understood, both
theoretically and experimentally.

Small amplitude waves will simply reflect from a sloping
beach with the superposition of the incident and reflected
waves forming a standing pattern. However, as wave am-
plitude increases, the incoming waves break and energy is
dissipated. A maximum value for the shoreline amplitude
of the standing component, ay, is given by

asko

g = - 1
where kg is the deep water wavenumber and J3 the slope of

the beach. Thus steep slopes or long period (low frequency)
waves can have larger reflected wave amplitudes.

(EQ1)

Typically, ocean waves on natural beaches greatly exceed
this maximum amplitude, and propagate shoreward as de-
caying bores through a surf zone. Laboratory studies have
shown empirically that wave breaking occurs when the
wave height/depth ratio (hereafter H/h) reaches a certain
value, and, while some reduction will occur post breaking,
this ratio remains more or less constant during bore prop-
agation and decay on a plane beach (the wave field is said to
be saturated). The value of H/h is a critical parameter in
many nearshore models including those for wave set-up (a
super-elevation of the mean water level at the shoreline)
and the generation of steady longshore currents. Labora-

tory results for monochromatic waves typically span a
range between roughly 0.6<H/h<1.2, with the value in a
given situation depending on the surf similarity parameter,
809

(ak),
g Bz

where (ak), is the deep water incident wave steepness. This
or similar versions of the surf similarity parameter provides
a dynamical scaling between beaches with different inci-
dent wave characteristics and beach slopes and has been re-
lated to a number of nearshore processes [e.g., Galvin,
1968; Bowen et al, 1968; and many others].

€

(EQ 2)

Theoretical and laboratory research on regular waves will
continue to provide valuable results on incident band dy-
namics. However, naturally occurring waves have energy
across a continuum of periods and directions. Although a
single narrow period and direction range may be energet-
ically dominant in some field situations, the laboratory case
where all waves have very similar heights and shapes is
never realized in the ocean. The simultaneous occurrence
of many wave frequencies and directions leads to a “ran-
dom sea,” where variables such as wave height have a
range of values.

The exhaustive modelling and laboratory studies of both
breaking and nonbreaking monochromatic, unidirectional
waves has not been extended to a random sea. Battjes and
Janssen [1978] used a breaking wave model that incorpo-
rated wave height probability distributions within the surf
zone to accurately model the observed wave height trans-
formation of a breaking, random wave field in the labora-
tory. However, with this and a few other exceptions, [e.g.,
Battjes, 1972, 1974; Goda,1975; Huntley and Bowen,
1975; and others], studies of shoaling and breaking waves
prior to 1980 focused largely on monochromatic, unidirec-
tional wave trains in the laboratory.

During the Nearshore Sediment Transport Study (NSTS;
Seymour, 1987), a densely instrumented cross-shore array
of current meters, pressure sensors and wave staffs allowed
field testing of linear and nonlinear shoaling and breaking
processes in the incident wave frequency band. As a first
step, Guza and Thornton [1980] compared measured spec-
tra from wave staffs and pressure sensors with those in-
ferred by linear theory from current meter measurements
(figure 2). Except in the immediate vicinity of the wave
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crest, the linear relationships at a point were surprisingly
accurate (errors of 20% or less) throughout the breaking re-
gion, comparable to the agreement found outside the surf
zone by earlier workers. In addition, the total variance
throughout the shoaling region was predictable using linear
shoaling from deep water, although the evolution of spec-
tral structure was not well modelled.

0%
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102
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FIGURE 2. Spectra of sea surface elevation from a surface
piercing staff (solid) and calculated from horizontal
currents (dashed). Higher frequency peaks are
harmonics of the 0.07 Hz primary (from Guza and
Thomton, 1980).

Near the breaking region, surface gravity waves become
distinctly nonsinusoidal, developing a peaked crest and
pitching forward in a sawtooth form. The spectral signature
of this wave shape is a series of harmonics (figure 2) with
non-random phase relations (the fundamental and harmon-
ic frequency bands are phase-locked). Freilich and Guza,
[1984] and Elgar and Guza [1985a, 1986] used nonlinear
Boussinesq equations to model the shoaling of a spectrum
of weakly nonlinear non-breaking waves. They found good
agreement between model predictions and observations of
the spatial evolution of wave energy spectra and phase
speed. Unlike theories for nonlinear, monochromatic
waves of permanent form (e.g., shoaling Stokes or Cnoidal
waves), the inclusion of interactions from all frequencies in
the random wave model allowed accurate predictions of
nonlinear statistics (e.g., skewness and asymmetry). These
statistics may be important in determining the net direction
of cross-shore sediment transport.

By breaking time series up into individual waves, the wave

height probability distribution could be found for natural
seas. Wave staff data from NSTS [Thornton and Guza,

1983] and photopole data (sea surface elevation measured
photographically at marked staffs) from DUCK-85 [Hugh-
es and Borgman,1987] showed that H/h statistics were al-
ways at least qualitatively well modelled by a Rayleigh
distribution. Moreover, data from a barred beach, Soldier’s
Beach, CA, showed that the waves that were actively
breaking were not just the largest in the distribution, but
were themselves distributed in height [Thornton and Guza,
1983]. Some nonbreaking waves had larger heights than
some breaking waves.

These random wave models predict depth-limited energy
saturation on simple monotonic beach profiles such as at
NSTS (figure 3). However, an important consequence of
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FIGURE 3. RMS wave height vs. local depth for a nearly

plane beach profile. Wave height in the inner surf

zone appear to be saturated, depending only on

local depth (from Thornton and Guza, 1982).

the probabilistic nature of a random sea is that naturally oc-
curring H/h ratios in the surf zone (with H taken as the root
mean square wave height) are roughly 0.4-0.5, about half
the value with monochromatic waves. Sallenger and Hol-
man [1985] confirmed the saturation behavior of the inci-
dent band on the more complex barred profile of the DUCK
experiments [experiment descriptions in Mason ef al.,

1984, Mason et al., 1987, and Birkemeier et al., 1988]. As
in NSTS, observed values of H/d were well below labora-
tory results for monochromatic waves (mean value 0.32),
but showed a systematic dependence on beach slope. Sat-
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uration behavior of the incident band was also observed in
the swash at NSTS [Guza and Thornton, 1982], NERC
[Mizuguchi, 1984] (experiment description Horikawa,
1988) and DUCK [Holman and Sallenger, 1985]. In the lat-
ter case, swash magnitudes were found to depend on both
the beach slope and offshore wave steepness, as expressed
in the laboratory-derived surf similarity parameter, €;.
Confirmation of this dependence from NSTS is not possi-
ble due to the limited range of € available from that dataset.

Mean flows / sea level adjustments

Incident waves can theoretically provide a stress on the wa-
ter column through the momentum flux associated with the
propagating wave. Since total momentum must be con-
served, spatial gradients in this flux (such as are associated
with shoaling or breaking) must cause an acceleration or be
balanced by an opposing stress such as bottom friction (for
mean currents) or a pressure gradient. Formally, this “ex-
cess momentum flux owing to the presence of the waves”
arises from a nonlinear interaction of the wave with itself
and is termed radiation stress [Longuet-Higgins and Stew-
art, 1960].

The cross-shore component of this force produces changes
in the mean sea surface known as “set-up” [Longuet-Hig-
gins and Stewart, 1963], and, if dissipation is not uniform
in the vertical, can also drive undertow [Dyhr-Nielsen and
Sorenson, 1970]. The longshore component, nonzero when
waves approach the coast obliquely, drives steady long-
shore currents [Bowen, 1969a; Thornton, 1970]. Long-
shore pressure gradients in the set-up (owing to longshore-
variable breaking wave heights) can force circulation cells
[Bowen, 1969b].

Most early models for set-up and horizontal currents were
driven by monochromatic, unidirectional waves [see Bas-
co, 1983, for a review]. Since these uniform waves all
break at the same cross-shore position, the forcing of mean
currents jumps from zero outside the break point to a max-
imum value at the break point. The resulting nonphysical
discontinuity in the longshore current can be smoothed by
the introduction of a large lateral eddy viscosity.

More refined models [Battjes, 1972] for longshore current
generation with random waves was tested using the NSTS
data during periods when incident wave energy was con-
fined to a relatively narrow range of directions and fre-
quency [Thornton and Guza, 1986]. Because there is no
unique breakpoint in a random sea and the onset of break-

ing is spread over a breaking region, the resulting long-
shore current profile will show a gradual cross-shore
increase in strength. Large values of lateral eddy viscosity
are no longer necessary to model the current profile (figure
4). Thus, while eddy viscosity appears important for the

- 0.8

Hrma (m)

0.6

V (m/sec)

X (m)

FIGURE 4. Cross-shore profile of incident wave height and
the resulting longshore current. Plus signs are data
and the solid line is a random wave model. Random
wave breaking spreads the breakpoint and removes
the requirement for artificial mixing. (From
Thomton and Guza, 1986).

monochromatic conditions available in a laboratory, it may
not be relevant to the random seas of natural beaches.
When monochromatic wave models are applied to a ran-
dom sea, the values of lateral eddy viscosity obtained by fit-
ting the model to the data do not necessarily relate to actual
Reynold’s stresses but may instead be simple parameter-
izations of wave randomness. Additionally, the large values
of H/h observed with monochromatic waves cannot be
used in natural situations without a compensating distor-
tion of other model parameters. Monochromatic models
very crudely parameterize the physics of longshore cur-
rents driven by natural random waves.
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The model-data comparisons of Thomton and Guza [1986]
were limited to cases with narrow banded incident waves.
If the incident wave field is not narrow, for example con-
sisting of two wave trains of different frequencies coming
from different directional quadrants, then the radiation
stress term that drives longshore currents has two compo-
nents of opposite sign. However, there are no models de-
scribing how energy and momentum are extracted from a
breaking, broad-banded wave field. Thus, theory cannot
predict whether such a wave field breaks differentially
(e.g., one frequency component losing momentum seaward
of the other) and drives a longshore current with cross-
shore sign reversals, or whether momentum is extracted
from both components at equal rates. The NSTS data sug-
gests that the effects of differential breaking are weak.
Longshore currents are insensitive to the frequency struc-
ture of the radiation stress. Only the total radiation stress is
of first order importance to longshore currents (Guza et al.,
1986].

The importance of direct wind forcing to mean longshore
currents was examined by Whitford and Thomton [1988]
using an instrumented sled towed over the barred beach
profile at SUPERDUCK. As observed at NSTS, longshore
currents were found to be predominantly wave driven, with
wind stress contributing only 10-20% of the total forcing.
Of course, well outside the surf zone wind stress can be-
come dominant, either by direct forcing or as a result of
larger-scale, shelf-wide dynamics.

The vertical structure of longshore flows during SUPER-
DUCK was found to be near uniform, with only small sur-

face and bottom boundary layers [Whitford and Thornton,
1988].

The cross-shore component of radiation stress theoretically
forces the sea level gradient known as set-up, a model con-
firmed by numerous laboratory experiments [Bowen et al.,
1968; Hansen and Svendsen, 1979; Okayasu et al., 1988;
Stive and Wind, 1982]. In the field, set-up is not easily mea-
sured in the surf zone because of the presence of larger
wave signals, but has been measured in the run-up where
set-up is a maximum. For the NSTS Torrey Pines data,
Guza and Thornton [1981] were able to observe wave set-
up with mean values from four-hour runs that showed a
noisy but significant trend given by,

M= 0:17H, (EQ3)

in approximate agreement with laboratory results.

Wave set-up was also obtained from digitized film records
of swash, collected during DUCK82. Holman and Salleng-
er [1984] found that the relative setup (normalized by Hp)
was typically larger than had been previously reported and
depended on &, being larger during reflective wave con-
ditions than during dissipative situations. Again, a great
deal of scatter was found. The NSTS results were consis-
tent with the extrapolation of their data to high .

Since the cross-shore momentum equations involve the
balance of two strong forces, the wave-driven radiation
stress gradient and the pressure gradient of set-up, relative-
ly weak vertical differences in the balance can drive cross-
shore mean flows (undertow) with strong vertical shears.

Infragravity band processes

The fact that natural waves are not monochromatic, but oc-
cur as a random process has a further, important conse-
quence. Modulations of wave height (wave grouping)
result in fluctuations in radiation stress. These, in turn, can
drive flows at the time and space scales of the modulation,
significantly longer than the incident waves. These long
waves, with typical periods of 0.5-5.0 minutes on exposed
ocean coasts, are known as “surf-beat” or “infragravity
waves” [Munk, 1949; Tucker, 1950].

Measurements made during the 1970’s, with only a few
sensors deployed simultaneously, showed that infragravity
waves are at least partially standing in the cross-shore di-
rection [Suhayda, 1974; Huntley, 1976], and in the inner
surf zone may contain more energy than the incident wind
and swell waves [Huntley, 1976; Holman et al., 1978].
These early measurements could not reveal whether the ob-
served infragravity energy was propagating from deep wa-
ter toward the beach where it reflects and radiates back out
to sea (leaky waves), generated in shallow water and re-
fractively trapped in the nearshore wave guide (topograph-
ic edge waves), or generated locally in response to
grouping of the local wind waves.

Recently, our understanding of the infragravity band has

been greatly extended by the results of large field experi-
ments. The previously reported standing wave structure in
the cross-shore direction was always observed, resulting in
spectral peaks and valleys at predictable frequencies (fig-
ure 5) for which wave nodes corresponded to instrument
position [Guza and Thornton, 1985; Hotta et al., 1981; Sal-
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FIGURE 5. Measured (solid line) and modelled (dashed)
cross-shore velocity spectra for the infragravity
band. The hills and valleys in the spectra result
from correspondence of nodes and antinodes of the
standing waves with the instrument position. (From
Sallenger and Holman, 1987).

lenger and Holman, 1984, 1987]. Variance in the infragrav-
ity band increased toward the shoreline, comprising up to
50% of the flow variance at the bar crest and up to 75% of
the swash energy during SUPERDUCK. In contrast to the
saturation behavior of the incident band within the surf
zone, infragravity band energy was found to vary approx-
imately linearly with offshore wave energy in both the
swash (figure 6) and surf zone currents [Guza and Thorn-
ton, 1982; Sallenger and Holman, 1984]. The essential re-
sult of these observations is that on dissipative beaches
(i.e., storm conditions, large gg), the spectrum at the shore-
line is dominated by energy at infragravity frequencies.
Thus, near the shoreline, the principal manifestation of
large incident wind and swell waves and a wide surf zone
will not be an increased incident band energy, but instead
will be energetic infragravity waves [Guza and Thornton,
1982].

Alongshore arrays of current meters at both NSTS sites and
at SUPERDUCK were used to estimate the longshore
wavenumber-frequency spectrum of infragravity motions
in the very nearshore. Such a spectrum allows differentia-
tion between high wavenumber edge waves trapped in the
nearshore wave guide, and leaky modes that escape off-
shore. As is shown in figure 7, low mode edge waves con-
tributed significantly to run-up, and the longshore
component of the infragravity wave velocity field. How-

ever, the low mode signal in the cross-shore velocity field is
usually masked by either high mode edge, leaky, or locally
forced waves [Huntley et al., 1981; Oltman-Shay and
Guza, 1987].

Far Infragravity Waves

Analysis of cross-shore and longshore velocity from the
bar trough during SUPERDUCK showed energetic, coher-
ent motions with time scales of hundreds of seconds (de-
fined as the far infragravity band) and longshore
wavelengths of hundreds of meters [Oltman-Shay et al.,
1989] (figure 8). The longshore phase speeds of these mo-
tions increased with increasing mean longshore current ve-
locity, but were always much slower than those of any
known gravity wave motion. Bowen and Holman [1989]
explained the observations in terms of meanders arising
from a shear wave instability of the mean longshore cur-
rent. The period and growth rates of the instability were
shown to theoretically vary with the maximum shear of the
current, suggesting the general importance of these waves
on barred beaches where the shear over the bar may be
large. An alternate explanation for weak motions in this
band, based on observations on the monotonic Torrey Pines
beach profile during NSTS, models the low frequency sig-
nals in terms of a migrating rip current system, driven by a
slowly beating incident wave field [Tang and Dalrymple,
1988].
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FIGURE 6. Magnitudes of the swash excursions in the
incident band (circled) and infragravity band
(uncircled) as a function of offshore wave height.
The incident band is saturated, the infragravity
band is not. (From Guza and Thornton, 1982).
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